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Abstract
A detailed description of the in-pile section, out-of-pile
section, and the instrumentation of the Organic Moderator-Coolant
In-Pile Irradiation Loop for the MIT Nuclear Reactor is given.
The methods to be used in measuring the dose rate in the organic
material are described. These include a calorimetric measurement
of the fast neutron and gamma dose rate before insertion of the
in-pile section into the reactor and monitoring of the dose rate
throughout any run after insertion. The physical and chemical
measurements to be made on the irradiated organic material to
determine the changes induced are briefly summarized. Finally,
an evaluation of the effort to date is given.
FIRST ANNUAL REPORT
Organic Moderator-Coolant In-Pile Irradiation
Loop for the MIT Nuclear Reactor
I. Introduction
Large scale screening tests of organic materials have
established that the polyphenyls are the most resistant organic
materials to irradiation. Several of these polyphenyls have been
extensively investigated for use as organic moderator-coolants in
nuclear reactors because of their desirable nuclear, chemical, and
physical characteristics for this application. An in-pile loop
has been operated in the MTR by Atomics International for the
purpose of studying the degradation rate of the organic material
and the effect of the degradation products on the physical
properties and heat transfer characteristics of the organics.
The materials tested were isopropyl diphenyl, diphenyl, Santowax R,
and a 2 to 1 mixture of Santowax 0 and Santowax M. This loop has
since been dismantled, the primary purpose of the loop being to
provide data for aid in operating the OMRE, the organic moderated
reactor experiment consisting of a full-scale nuclear reactor.
The OMRE has been operated since 1957 and was designed and
constructed as a large scale irradiation facility to provide
information on the polyphenyl characteristics in an actual
operating reactor. In addition to these two experiments, various
heat transfer loops have and are being operated, primarily by
Atomics International.
Previous work has indicated that, with the materials used
to present, the cost of organic make-up due to the organic
degradation under irradiation adds an appreciable amount to the
electrical power cost (0.5 - 1 mils/kwh) in a large scale power
reactor. Therefore, it has become of increasing importance to the
organic moderator-coolant power reactor concept to develop cheaper
coolants than those presently used and/or to reduce the degradation
rate of the coolants used, if possible. As a result of work at AI,
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it now appears that cheaper coolants can be obtained by purification
of aromatic oil refinery side streams and that the irradiation
degradation rate can be reduced in the polyphenyls by the use of
inhibitors. However, engineering data on these materials is needed
before an economic and engineering analysis can be made on their
suitability for use in large scale power reactors. As a result,
AI has assigned a contract to MIT to design, construct, and operate
an in-pile loop in the MITR, the MIT research reactor, for the
purpose of obtaining such data on these advanced materials. This
report is the First Annual Report of this project and describes in
detail the design of the loop, the chemical and physical
measurements to be made on the irradiated material, and the plans
for dosimetry.
II. Description of Loop
The organic moderator-coolant in-pile loop will be used to
study the irradiation degradation rates and the heat transfer
characteristics of various organic materials believed suitable for
use as organic moderator-coolants. The hydraulic flow diagram
of the loop is given in Figure 1 and can be divided into two
separate parts for discussion. The first is the in-pile section
which consists of everything contained within the reactor
including the biological shield and whose primary purpose is to
provide holdup of the organic in the reactor core so that a
measurable degradation rate is obtained; transit lines are
provided for flow of the organic between the reactor core and the
outside of the reactor. The second part is the out-of-pile
section or hydraulic console which provides for measuring the heat
transfer properties of the organic and includes all auxiliary
equipment, such as pumps and flowmeters, which are necessary for
the operation of the loop. The following discussion gives a
description of each of these sections and also of the instrumenta-
tion to be used. The relationship of each section with respect to
the reactor is shown in Figure 2.
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2.1 Common Features of Both Sections
The two loop sections shar'e several features in common which
are summarized here. The design temperature and pressure of the
loop are 8000 F and 600 psig respectively, although some components
such as the surge tank are rated at 8000F and 1000 psig due to a
reduction in the design pressure after procurement of materials
had started. The final assembly of each section will be pressure
tested and He leak tested before operation of the loop is started.
For the main loop, the pressure tests will be made at 1100 psig
and room temperature. All components of the loop, including
tubing, which may come in contact with the organic material being
tested are either of Type 304 or Type 316 stainless steel with the
exception of the safety expansion tank which is constructed of
carbon steel and will be used only in an emergency. Even though
the organics to be tested are uncorrosive to carbon steel,
stainless steel was used to prevent or reduce the addition of
impurities to the coolant.
The organics which show promise for use as organic moderator-
coolants are generally solid at room temperature with melting
points up to 3000F. Hence, all lines of the loop which may
contain organics are trace heated. The in-pile section is trace
heated with double-glass insulated nichrome wire whereas heating
tapes are used on the out-of-pile section. All lines have
duplicate heaters so that burnout of any one heater does not
necessitate maintenance on the loop. All thermocouples are also
provided in duplicate so that failure of an important thermocouple
should not interfere with loop operation.
The materials to be tested can be considered to be
inflammable at the temperatures in question. Accordingly, all
sections of the loop are enclosed by a secondary shell which
prevents spraying of the organic in case of leak development.
The secondary shell enclosures are described in more detail in
the following two sections. In addition, an automatic fire
extinguishing system is provided for the hydraulic console.
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2.2 Details of In-Pile Section Design
The in-pile section described in this report is designed for
the present MITR removable plate fuel element. In subsequent work,
an in-pile section designed for use in a new annular-plate fuel
element which permits a much larger liquid volume in the reactor
core and, hence, shorter irradiation time per batch of organic
tested than does the section described here will be used. It is
estimated that at a reactor power of 1 MW the present design will
require 78 days to reach 40% HBC, whereas the new design would
require only 25 days because of its increased in-pile volume
relative to the out-of-pile volume. It should be noted here that
plans to increase the reactor power to 2 MW during the early part
of next year will reduce these estimates by a factor of 2. Since
the design, approval, and procurement of the new annular fuel
element and its associated in-pile section will involve some delay,
it is planned to operate the loop with the present type of fuel
element and the in-pile section described below until the annular
fuel element and its associated in-pile section are available.
The out-of-pile section remains the same in both cases.
The in-pile section for the present MITR fuel element
includes an irradiation capsule inserted inside an aluminum thimble
which extends through the center of a removable plate fuel element
(at the central fuel position) with the central eight fuel plates
removed. In addition to these primary loop components, various
modifications to the standard upper and lower shield plugs and fuel
adapters are necessary in order to accomodate the experiment.
These estimates are based on the following factors:
Average Dose Rate at Reactor Power 0.3 watts
of One MW gin
Average Degradation Rate of Organic 35 pounds of polymer
produced per MW hr. of
energy absorbed
Loop Volume with Exception of 4250 cm3
Capsule Incl ding Full Surge Tank
with 1270 cmJ of Organic
Capsule Volume and / In-Pile Volume
to Total Volume
Present Design 200 cm3  4.5
New Design 700 cm3 14.,
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In Figure 3 is illustrated the assembly of the thimble and
irradiation capsule along with the necessary lines to provide
access to the capsule. This unit is integral and is inserted
inside a specially constructed lower shield plug; the lower part
of the assembly which extends into the fuel element is centered
exactly by the upper and lower fuel adapters. The cross
sectional position of the thimble in the fuel element may be seen
by reference to Section E-E of Figure 3. The individual components
of this assembly along with the special upper and lower shield
plugs and fuel adapters are described in some detail in the
following sections.
2.2.1 Irradiation Capsule
An irradiation capsule to provide a hold-up of 200 cm3 of
the organic in the reactor core so that a measurable irradiation
degradation rate is obtained is illustrated in Figure 4. With
this in-pile volume, the per cent in-pile volume to total loop
volume will vary from 4.5% to 6.3% depending on whether the surge
tank is full or empty. This capsule has been designed with a wall
thickness, based on the maximum allowable stress of 16,750 psi at
800 0F given by the ASME code for Type 316 stainless steel (1),
such that the allowable working pressure at 8000F is 1300 psig;
the maximum operation pressure anticipated for the system is only
600 psig. The capsule will undergo a. complete X-ray-test for
defects in either the welds or-tubing metal and will be pressure
tested at 1100 psig and room temperature and He leak tested. The
capsule is separated from the aluminum thimble at the D20 coolant
temperature by five asbestos separators. Thermal insulation is
provided by purified CO2 in the gas space.
2.2.2 Inlet-Outlet Lines for Organic
Two annular tubes are provided to transport the organic
between the top of the lower shield and the irradiation capsule.
The organic flows down the. inner 3/8" O.D. x 0.020" wall Type 304
SS tube to the bottom of the irradiation capsule. The outflow
istbrough the outer 5/8" O.D. x 0.049" wall tube; with this
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mIll,
iCIDAMeE.0UWUA*ASS maunML*IM tid MsuLAua COOLANT 7)-a.'
I~AJJMPsY 001-I- 7-Iw
70Io,7o
69 ,-~
.2 36, _________
---p-sO 7 ~ ~a
/ 3,-c 7;,"
A,, 7i-Rrj - K
A, 7'-&&-.s 71 - H yvw- 41v,-A A.~tA.0'~'a Aoo )
A 7r BA, a--', W q~A... wv A/N6fr A ' O~q
_________ 
AA,.-. *,AE M.IAA#.'R f A.~ AAa
' A 15 . e~iA~j :7r ~5 w,. A".-o A0.9 .2
+P 
k,,4.L is T o.,,Ud ~
+re4A /77--o
~~NADWA, //
Nk,,uroA 0)..2,
-- N 6/ WNL rJ-XO
MOoiao COOLANTs /q-a HjiWAA AgWiR.-7QW
71.-a.'- 'A~ pw .RAro~qA y2'' N
rr ~ ~  ~ ~ ~ ~ ~ ~ ~ 
4'~o rt'.0-qfl'V1_,~rp8-wjvCvpv., v
L.'-~~~~uco A4E7WC-oR W9Ar'N a-C ________
_____________me____________,VyeovI" 
O, '
/) ap~a ~A7J As..-A.. ~ 7.. Ar .4'.s.- .e'v
5x rwse coo.,,i as s .guar s.JA.o-R .
rgeo.. Afos-iCWN 7, /,.ir Z - h-r- Ii Vow 40st'.Aom-. (3-S)
s3.,rla.'w 7-*'. ,0,cw, M -a E- 7-aSA ao.-.L AA'vLOOS64:
A67- eI-- &/ 7 A*o
Ty'waft , Mr E w
,7PA/17~,J .6-v Zw
0.- P,..ma 0./ zN, ,oE Zr4O -4. ')S7
TNI'yw *4X~ Ad -. #jIrAro-Aj PA.- 7;. AN
MtA.a~ ~, 1-. M.' ---... A Iv
7 AowaN rri'T ooa L.4p
G ia ro &V2'* .jia W~t 7~~
9...A ,.
. C~yw
A I' O*Ar&-S 7JN'/
- j rage ~ ~~,N
G) 4a,0o-rr .4LIV A MSA hJLO (
0) IO."wP ZKSE A
w c4-ArC~oPLsE avirE. I-3
I 5,rc 7/foN Two 0Co .. A Jq&&~i) I [L .SNC7-'Oo ONV 01- Hyrq)-R OqefiL..]
CS"7CTN Aq-19
(/) Mlolreq Co&Amr 7AW k 0 0 .O'j WAL C,..
LO) 4zAN arrrcro4 7st CA% m i6o WIAA 606/-rd 44i.
CO) .. s MIX-.., x~a - OA& WAA. laE 0 A.
(2) L.-a WlAE 7ao X 0.X A .020 W9As SOZ-0 AA
-- 16
_Jmm
*O.Zt X.AAS WAA -="-O AA
Jo/
TREMANCE-D0MIAL*A N FRACTIONAL*1i64 ANUAR*30
SECTION I-I
(PARTiAL)-E X
T'HERMOoU/LE . L-AaJ
Fpoxi Spm:o owrTo
7% ' 7 gL
SECTION H-H
(PARTIAL)2JC
LEADS FROM T-C C
SECTION G-G
(PARTIAL)- Ex
NOTE MERTEES sE im T'PLIcATE
(I)[HFATINCTRUCIIs-- WRAP "MICHROME &aEE b#S HEATER WIRE (DOUBLE GLASS INSULATED- MAX OD
OVER GLASS ,053") WITH LEAD OF APPRO 2 02 SO THAT 39'oPW#I"ofCAN BE WRAPPED S7AITAKOM1UEIAErfERcRPSUiIE
*CNu-A16'UnM EQNORCAPAULE- THE TWO NEATERS MAY BE WRAPPED .N CONTACT WITH EACH OTHER AS
SHOWN - WREN WRAPPED SECURE HEATER WINDINJJ TEMPORARILY - WELD 30" II #2. 8/s Wi/RE TO ENDS OF
HETEAS INSULATE WITH 'REFRASIL SLEEVING (_ ID- 0.010"WALL) - INSTALL T-C * ARRANGE LEADS- WRAP
ASBESTOS TAPE SPACERS AS DESCRIBED BElOW TO PERMANENTLY SECURE HEATER WIRE f LEADS - NO HEATER
WIRE OR LEADS CAN TOUCH AL THIMBLE-SLVER SOLDER CHAOME PLAI.CoPPFA LEADE TO N
(23ABESOS TPF PME INSRUCJON-- HelVE HEATER 0 LEADS ARRANi.E ON CAPSULE -T WRAP4 WE Jx n (MAX)
THICK ASBESTOS TAPE TIGHTLY AROUND LEADS 4 HEATER WIRES ON CAPSULE L DESIRED
THICKNESS IS REACHED - SECUIRE WITH SMALL OD WIRE (A.s) WRAPPED AROUND ASBESTOS - THE
SPACERS SHOULD SLIP FREELY INTO THIMBLE (REF OML-I) WITHOUT PLAY- THE SPACER SHOULD
CONTACT THIMBLE ONLY AT 4- POSITIONS SHOWN ON SECTION E-E(9) PRnrPCTEO THERMoCOUPLR - - THERMOELECTRIC CO. TYPE S - FiXED MOUNTING NPT BUSHING WELDED
ON EITHER INSIDE OR OUTSIDE - k IMMERSION LS - Mo INSULATION - ( 00 PROTECTION TUBE a04l WITH PIEAtomR
CERAMO" LEADS( REF DETAIL Fl)
t4) INPECTION aY CLsr'oNSR - BoraRg INSERTION IN TNIMBLE
CA)SAMIPLES &F ALL MATERILS USED TO SE Sl/RMITTEo To MAlTA. AS 2OON AS R.CgItO--
FOR RE/CTIV11TY EFFECT CHECK
SECTION F-F '- CERAMIC sACERS-O 00 LG L
(PARTIAL)- 2X
SECTION E-E
zx
T-C BRA.ED OR SILVER- SOLDERED
TO OUTSIDE OF O.87 CAPSULE - A jwjroo 74-r
.arr
LESS THANL
769 wo 7'a 0.,me. 0
-rO ~ ~ A~;~=A i.09!P 4-~* -
THERMOELECTRIC "CERAMO" AL CLAD g.OD SINGLE CONDUCTOR CHROMEL-ALUMEL T-C
LEADS- MO INSULATION -MAXIMUM WIRE GAO 30 - SHEATH TO BE CUT BACK
BEFORE BENDING T-C LEADS 90'
DETAIL FI TYP AT 4 POSITIONS 49' APART
ax AT ABC 4 0
TYPICAL, OF 6 POSITIONS TEiN
LOCATED ON C.APs-or 7waTuo3as 1 G. 4 ' IRRPSDIAT
OIL-13--3 FOX LOCATONI6
ITP=suIIS- I FULL
RA-E* r 07~ ./Ai Ass Ohli-1- /
do'Mw amAA.
rs OAP"^'" A p"f
, 0,Irroa 00 'CAA M
wlg 074 |l 76
(D
-10-
arrangement, any entrapped gases are removed from the capsule and
emptying of the capsule is simpLified. Based on the maximum
allowable working stress at 8000 F for Type 304 SS given by the
ASME code, the 5/8" O.D. tube will withstand 2600 psig. and the
3/8" O.D. tube 1750 psig. In addition, the inner tube which has
the thinnest wall should never be subjected to a large differential
pressure since it is always completely immersed in the organic
liquid. The lines are insulated by asbestos tape wrapped to a
minimum O.D. of 1.25" except near the capsule where the diameter
of the thimble does not permit any such insulation.
2.2.3 Monitor Tube
A 1/4" O.D. x 0.028" wall aluminum tube is provided for the
purpose of monitoring changes in the dose.rate at the capsule by
means of detectors inserted in the tube to the capsule position.
This tube passes through the first thimble offset from the bottom
and extends beside the thimble into the fuel element as shown in
Figure 3. The detector as discussed in a later section will
probably be lucite degradation supplemented by threshold and
thermal neutron detectors. In later work, other degradation
processes may be used. The monitor tube extends through the top
shield plug so that samples may be inserted from the top of the
reactor at full reactor power for irradiation. The monitor tube
is slightly curved on passage through the lower shield plug to
reduce streaming of irradiation through the tube and is cooled
with a 1/8" O.D. water line in the lower shield plug. The
necessary modifications to the top shield plug to accomodate the
monitor tube are shown in Figure 5. With the design shown, the
entire upper shield can be removed or rotated without affecting
the monitor tube.
2.2.4 Leak Detector
The detection of leaks from the irradiation capsule is very
difficult, but, at the same time, is very important to the reactor
safety. The primary leak detector is 1/8" O.D. x 0.020" wall
aluminum tube which extends along the monitor tube to the bottom
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of the thimble and through the thimble wall. This tube is
sealed on the end and has four 2/16" holes just above the sealed
end. The tube extends to the outside of the reactor where
provision is made to bleed a small quantity of gas from the
thimble through the leak detector tube; the flow rate of this.gas
will be monitored continuously by a capillary flowmeter. If a
leak develops, organic vapors should diffuse to the aluminum tube
bottom which will be approximately at the D20 temperature. Because
of the high melting point and/or boiling point of the organic, it
should freeze or condense in the 1/16" holes in the leak detector
interrupting or reducing flow of gas. The provision of four holes
should reduce the possibility of plugging by dirt. .There should
be sufficient clearance around the asbestos spacers to insure that
vapors from any position on the capsule should diffuse to the leak
detector.
2.2.5 Shielding
In the part of the thimble contained within the lower shield
plug, lead and concrete radiation shielding has been provided.
All lines passing through this section are curved so as to prevent
streaming of radiation (see Figure 3).
2.2.6 Gas-Supply Tube
A 1/4" x 0.028" wall aluminum tube supplies the pressurizing
gas to the bottom of the shielded section inside the thimble.
This gas, purified CO2, will be maintained at 15 psig pressure so
that any leaks in the thimble should result in leakage of the gas
into the reactor rather than D20 into the thimble. A pressure
relief system and pressure gauge will be provided to prevent
rupture of the thimble by excess pressure. The 1.25" 0.D.
thimble section which passes through the fuel element will be
constructed of aluminum alloy 6061 heat treated after welding to
the T6 specification. Using the tabulated yield stress at 1000F
of 39000 psi for this alloy and heat treatment (2), the thimble
will withstand a pressure of 2200 psig. (The maximum operating
pressure of the stainless steel irradiation capsule will be
-13-
600 psig and the rupture disc on the thimble CO2 system will
relieve at 300 psig.) The remainder of the thimble will be
constructed of annealed 5052 aluminum alloy or its equivalent,
depending on which alloys are available from stock in the sizes
needed. The wall thicknesses of these sections will be sufficient
to hold a pressure of at least 900 psig based on the yield stress
at 4000 F since certain sections of the thimble not cooled by the
D20 may reach temperatures of 4000F. The yield stress of 5052-0
(the annealed alloy) at 4000F is 11000 psi.
- In Figure 6 is shown a flow diagram of the thimble
pressurizing system on the outside of the reactor showing the
safety precautions taken to prevent the formation of excess
pressures in the thimbles. The safety relief system will be set
at 300 psig and the assembled thimble will be pressure tested to
500 psig at room temperature.
2.2.7 Lead Tubes
Two 1/2" O.D. x 0.049" wall aluminum tubes are provided
starting from the bottom of the shield inside the thimble for
passage of the thermocouple and heater leads to the instrument
panel outside of the reactor.
2.2.8 Lower Shield Plug and Upper Fuel Adapter
The contemplated change to the annular fuel element has
required the incorporation of some flexibility in the design of
a new lower shield plug and new upper fuel adapter (which connects
the shield plug to the fuel element). It is economically desirable
to be able both to use in some other experiment the reactivity left
in the initial fuel element and to transfer the special shield
plug to the new annular fuel element when the changeover is
effected. Since no method is presently available for changing the
connection between a hot fuel.element and an upper adapter, it will
be necessary to use the connection between the adapter and the
shield plug. Consequently, at changeover when the special shield
plug has been removed, a standard shield plug will be connected
to the adapter so that the partially-spent fuel element can be
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returned to other MITR use. The special shield plug will then be
connected to a new annular fuel.element adapter and fuel element.
This procedure has required that the upper adapter used initially
have an inside diameter sufficient to take the thimble diameter
shown in Figure 3, that the upper adapter fit into both the special
and a standard shield plug, and that the special shield plug also
fit the upper adapter for the annular fuel element. The lower
shield plug design and upper fuel adapter, shown in Figures 7 and
8 respectively, incorporate this flexibility. This is
accomplished by inserting a removable sleeve in the end of the
new lower shield plug so that the inner diameter is the same as
that of the present lower shield plugs (see Figure 9). Emergency
D2 0 cooling for the fuel element in case of loss of the D20
coolant, although not needed for 1 MW operation, has been
incorporated in the design in anticipation of the increase in
reactor power to 2 MW.
2.2.9 Lower Fuel Adapter
Just above the fuel element, the thimble is positioned by
means of the upper fuel adapter. In the fuel element which is to
be used, no thimble positioners or guides are built into the
fuel element. The thimble guides, usually constructed integral
with removable plate fuel elements, prohibit the use of the
monitor and leak detection tubes as planned. In order to
position the thimble at the bottom of the fuel element, it is
planned to modify the lower adapter asEhown in Figure 10 to
include a thimble guide. The lower adapter will be screwed onto
the fuel element in the usual fashion. The thimble used with
this design is 2 1/16" longer than the normal thimble. However,
the length is insufficient to cause any significant change in the
D20 coolant flow to the fuel element.
2.2.10 Passage through Main Biological Shield
In addition to the items described above, it is necessary to
have lines carrying the organic material, thermocouple leads, and
electrical leads through the main biological shield. A 3" I.D.
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sleeve passing through the shield at a position in height between
the upper and lower shield plugs will be used for this purpose.
The assemblies which will carry these lines from the reactor center
to the hydraulic console are shown in Figures 11-13. In all
cases, the lines are completely enclosed in an aluminum shell to
prevent contamination of the reactor by the organic in case leaks
develop in these sections. It should be noted that the union
design illustrated in Figure 11 prevents any large pressure
differences between the inside and outside of the relatively thin-
walled 3/8" O.D. tube carrying the organic down to the irradiation
capsule. Also, the method of positively holding the thimble and
shield plug in the reactor are shown in Figures 11 and 13,
respectively.
2.3 Details of Out-of-Pile Section or Hydraulic Console
The components comprising the hydraulic console or out-of-
pile section of the loop are described in the following sections.
These components have been designed and will be tested according
to the specifications given in 2.1.
2.3.1 Loop Layout
In the layout of the hydraulic console, the need for ma"rImum
flexibility and ease in performing experimental measurements and
in doing necessary maintenance has been considered. As can be
seen from Figure 1, the filter, pump, flowmeter, and test heater
have been provided in duplicate in two separate flow loops which
are connected between components by tubing. By proper manipulation
of the valves provided, any piece of equipment in these two lines
can be bypassed and removed from the loop for maintenance . As a
further advantage, this arrangement should facilitate studying
fouling in the test heaters assuming no heater failure during any
run. It is planned to make heat transfer measurements using both
heaters at the beginning of any run. Then, one of the heaters will
be valved off from the flow whereas the other will be used
continuously throughout the run. At the completion of a test,
heat transfer measurements will again be made using both heaters.
With this arrangement, any fouling should be obvious.
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2.3.2 Surge Tank
A surge tank to provide excess volume of organic for sampling
purposes and to provide for thermal expansion of the organic is
provided. The detailed design of the surge tank and its associated
liquid-level indicator is shown in Figures 14 and 15. The total
volume of the tank is 1450 cm3 of which it is anticipated the
organic material at temperature and at the beginning of a run will
occupy 1250 cm3 leaving 200 cm3 as the gas space. The volume per
3unit inch of length of tank is approximately 60 cm /in. The total
loop :,lume has been estimated as 4450 cm , with the surge tank
volume aid capsule previously described.
2.3.3 Filters
Two sintered stainless steel filters (Figure 16) of 100l
size are included to prevent damage to the pumps and flowmeters
by small particles and to reduce impurity activation. The
filters are designed so as to have a large surface area and low
pressure drop with a small holdup of the organic liquid. The
filter volume has been estimated at 270 cm3 for each filter.
2.3.4 Pumps
The main circulating pumps are two "Chempump" Model CFHT-3-
3/4S canned rotor stainless steel pumps similar to those used in
loops operated by Atomics International. A Dowtherm-A cooling
system is included for the motor section of the pumps. The pump
holdup volume has been given as approximately 950 cm3.
2.3.5 Flowmeters
Two "Pottermeter" turbine-type volumetric flowmeters are
provided for monitoring the main loop flow. The coolant water
supply to the main loop coolers and to the pump cooler is
monitored by two rotameters.
2.3.6 Test Heaters
The main loop heaters shown in Figure 17 are two electrical
resistance Type 304 SS tubular heaters for measurement of the
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organic heat transfer properties. The heaters are constructed
of 1/4" O.D. x 0.020" wall tubing and are designed for a heat
flux of 400,000 Btu/hr-ft2 at 900 amps and 15 volts. They have
a central electrode supplying current to "ground" electrodes at
each end of the heater. The heaters will be equipped with a
maximum temperature cutoff.
2.3.7 Main Loop Coolers
Two reflux-condenser type coolers shown in Figure 18 to
remove excess heat from the loop are provided. These units will
use Dowtherm-A under its own vapor pressure as the cooling medium
with a water-cooled coil acting as condenser. The coolers are
designed to operate only in the nucleate boiling region and are
provided with an external heater to insure operation under these
conditions.
2.3.8 Samplers
The liquid and gas samplers are small stainless steel
capsules fitted with bellows-sealed valves for shutoff purposes.
The samplers are provided with "Triple-Lok" tubing fittings for
rapid and leak-tight connection to the loop. The gas sampler
volume is 30 ml. and the liquid sampler volume 15 ml.
2.3.9 Feed and Dump Tank
A feed and dump tank is provided for melting the feed prior
to charging the loop and for dumping material at the conclusion of
a run or in case of an emergency or maintenance. The volume of the
tank is 5200 cm3 and the detailed design is shown in Figure 19.
The liquid-level indicator for this tank is similar to that for the
surge tank.
2.2.10 Safety Expansion Tank
A safety expansion tank is included to depressurize the
entire system at the maximum operating temperature and pressure
to approximately 2 atm. in the event of any emergency which could
result- in damage to the reactor and/or personnel. This tank is
connected to the loop by a remotely actuated valve and by a
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rupture disc rated for relief at 750 psi at 8000F. Another
remotely operated valve controls the CO2 gas supply. In case of
an emergency, a switch will be provided which on activation cuts
off the heater and pump, closes the pressurizing system valve, and
opens the valve to the expansion tank, all operations being
performed automatically.* This tank is connected to the reactor
stack through both a manually operated valve and a rupture disc
rated for relief at 150 psi at 200OF and is constructed of carbon
steel. The detailed design of the safety expansion tank is given
in Figure 20.
2.3.11 Pressurizing System
A pressurizing system, consisting of high-pressure purified
CO2 controlled by 3 pressure regulators, is provided.
2.3.12 Valves
All valves, wherever directly connected to the main loop, are
"Aveco" or "Hoke" bellows-sealed, He leak-tested, stainless steel
valves. All other valves are stainless steel barstock valves.
2.3.13 Connections
All connections are to be welded except those which may need
to be frequently broken during operation of the loop, such as the
gas and liquid samplers, heaters, pumps, or filters. "Triple-Lok"
tubing fittings will be used for connecting the samplers and
heaters to the loop. Ring-joint flanges are provided for
connecting the pumps to the loop and for removal of the filter
for cleaning.
2.3.14 Fire Control System
If the circulating system springs a large leak inside the
cabinet, there is a possibility that a fire can occur. Accordingly,
an automatic C02 fire control system, actuated by a rate-of-rise
detector (150F/sec),will be used. One actuator head and one nozzle
will be included in the unit.
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2.3.15 Vapor Tra.p
A vapor trap has been plac'ed above the feed and dump tank
and the surge tank to prevent diffusion of organic vapors up the
pressurizing tubes and possible plugging of these tubes. The
detailed design is shown in Figure 21 and includes provision for
the pressure gauges connected to these tanks.
2.3.16 Piping Assembly
The piping assembly, connecting the above components, is
shown in detail in Figure 22. The attempt has been made to
reduce the tubing length as greatly as possible and to provide
access for maintenance to all parts of the loop.
2.3.17 Hydraulic Console Cabinet
Due to the flammable nature of the organic materials to be
tested, the entire hydraulic console section is contained inside
the sheet steel cabinet shown in Figure 23. The cabinet will be
fitted with the automatic temperature rate-of-rise fire extinguisher
previously described.
2.4 Instrumentation
Both sections of the loop will have sufficient instrumentation
for the performance of the experimental measurements and to insure
safety to the reactor, personnel, and the loop. The following
instrumentation will be used.
2.4.1 12 Point Potentiometric Temperature Recorder
A "Brown" 12 point strip chart potentiometric recorder will
be used primarily to measure and record the organic bulk temperature
at various positions in the loop as well as the test heater
temperatures when heat transfer measurements are being made . The
instrument range will be 200-1000 F and adjustable Hi-Lo limit
switches will be used for alarm and cutoff purposes.
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2.4.2 Temperature Indicators with Hi-Lo Limit Switches for
Alarm Purposes
Four "Brown" Pyr-O-Vane controllers are provided, each having
adjustable Hi-Lo alarm and cutoff switches with one contact made
below and one above each set point. One instrument is provided
for the monitoring of the test heater and has a range of 200-10000F.
If the temperature approaches the upper limit, the electrical
supply to the heater will be automatically cut off and an alarm
sounded. One instrument, with a range of 0-500 0 F, is provided to
monitor the pump shell temperature. Since the pump is automatically
shut down if the winding temperature approaches 4250F, this
instrument will be used to give an alarm before such a condition
is reached so that adjustments can be made to prevent interruption
of loop operation from this source. Finally, two instruments with
a range of 200-8000F are provided to monitor various temperatures
throughout the loop and will be connected to various thermocouples
by means of switches. At least one of these instruments will
normally be used to monitor the cold spot in the loop to prevent
freezing of the organic. The other will be used to monitor the
operation of the two main loop coolers.
2.4.3 Flowmeters
Turbine-type flowmeters, previously mentioned, will be used
with a "Brown" circular chart indicator recorder to monitor the
flow rate. Hi-Lo limit switches are provided to actuate an alarm
under abnormal flow conditions.
2.4.4 Interlock
An interlock will be provided to prevent operation of the
test heaters unless the pump is operating.
2.4.5 Precision Potentiometer
One precision potentiometer will be provided for measuring
accurately the necessary experimental temperatures and for
checking the instrumentation. Rotary and key thermocouple
switches will be used so that this instrument can be used to
check any thermocouple in the entire loop with the exception of
-39-
the Iron-Constantan thermocouples on the pumps; these will be
checked with a portable potentiometer. The thermocouple layout
is illustrated in Figure 24.
2.4.6 Pressure Gauges
As shown in Figure 1, pressure gauges are provided to indicate
pressures at the following positions:
1 Dowthenn-A coolers
23 Feed and dump tank
3 Safety expansion tank
4 surge tank
51 Downstream side of filters
The pressure gauge at the surge tank is equipped with
adjustable Hi-Lo limit switches for alarm actuation. Chemical-
type diaphragm pressure gauges are used at all positions to
prevent clogging of the gauges by freezing of the organic material.
2.4.7 Power Measurement
A precision indicating wattmeter and non-precision voltmeter
will be used to measure and monitor the power supplied to the main
test heaters. The power to the trace heating system and other
small heaters will be monitored by ammeters and variable
transformers .
This completes the description of. the apparatus. The plans
for dosimetry will next be discussed followed by a summary of the
status of the physical and chemical analytical work.
III. Dosimetry
One very important phase of this project is correlating the
rate of degradation of the organic to the total dose absorbed to
facilitate extrapolation of the degradation rate data obtained to
different reactor systems. Furthermore, previous work has
indicated that the effect of fast neutrons and gamma radiation on
a per unit energy absorbed basis may be different (3) so that it
becomes, in addition, desirable to distinguish between the fraction
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PRECASION IN5TFWMENT
of the total dose due to fast neutrons and that due to gamma
radiation. It is presently planned to accomplish this measurement
in two phases: (1) a fundamental calorimetric measurement of the
dose rate inside a thimble using three different absorbing
materials, and (2) intermittantly monitoring the dose rate
throughout the life of a particular run. These two phases of the
program are discussed below.
3.1 Calorimetric Measurement of the Dose Rate
:-i adiabatic calorimeter has been designed to measure
simultaneously the total dose rate due to both fast neutrons and
gamma radiation in polystyrene, polyethylene,. and aluminum. In
an adiabatic calorimeter, assuming zero heat losses, the rate of
energy absorption in the absorbing sample neglecting for the
present such things as chemical effects is given by the rate of
temperature rise of the sample:
= C d9(t)()p dt
where Q = energy generation rate per unit time per unit volume.
p = density.
C = heat capacity.
Q(t) = temperature of body at time, t, above the ambient
temperature.
Using three different absorbers, so selected as to have a large
variation in the neutron dose rate when placed in the same fast
neutron flux, it should be possible to discriminate between the
fast neutron and gamma dose rates in the material. The thermal
neutrons do not contribute to the dose rate. The calorimeter
design and interpretation of data will be discussed in the
following sections.
3.1.1 Calorimeter Design
One of the main problems in developing an adiabatic calorimeter
for use in measuring the dose rate in a nuclear reactor core is
approaching adiabatic conditions as closely as possible. Since it
-41-
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was desired to measure the dose rate simultaneously in three
different samples in order to reduce the reactor time required
for the measurement, it was not feasible to develop methods of
maintaining ambient temperatures at the same temperature as the
absorber, since the three absorbers will all have a slightly
different rate of temperature increase. Also, the necessary
control instrumentation for this procedure was not available.
Accordingly, the decision was made to reduce the heat loss rate to
a small percentage of the energy absorption rate in each absorber
by using low emissivity surfaces to reduce radiation heat losses
from the absorbers and by using low vacuum techniques to reduce the
conduction heat loss, with no control maintained over the ambient
temperature.
The calorimeter design, based on these considerations, is
shown in Figures 25 and 26. The three absorbers shown in
Figure 26 have two thermocouples positioned on their centerline
as shown; the thermocouples are held in place with polystyrene
cement. The absorbers are suspended inside an aluminum tube
(polished on the inside) by means of 1/16" polystyrene rods (see
Figure 25). Polystyrene discs glued to the polystyrene spacer
rods midway between each absorber have small slots in the outside
edge through which the thermocouple leads pass and are glued with
polystyrene cement. The outside of the aluminum absorber has been
polished and the outside of the plastic absorbers aluminized with
a 50 A0 layer of aluminum. Aluminum was used for these applications
primarily because of its low thermal emissivity but, also, because
of the relatively low activation. The ends of the calorimeter are
closed by two carefully machined polyethylene plugs placed in the
ends by first freezing in dry ice to reduce the plug diameter and
then allowing the plug to warm to room temperature after being
positioned in the tube. The top plug contains a nipple to which
a linear polyethylene tube 1/2" O.D. x 3/8" I.D. extending to the
outside of the reactor is connected. This tube carries the
thermocouple leads to the outside of the reactor and is also
connected to a vacuum pump so that the calorimeter may be evacuated.
.... ............ ...... -  ..... "
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At a given absolute pressure in the calorimeter, the rate of
energy loss by conduction and r.adiation depends only on the AT
between the absorber and the aluminum shell for the small AT's
involved in this experiment. Hence, at any AT, the- ratio of the
energy loss rate to the energy absorption rate in the absorber
varies inversely with the energy absorption rate. It is, therefore,
desirable to perform the measurement at as great a dose rate in the
absorbers as possible. Practically, however, the maximum dose rate
which can be used is limited by: (1) the danger of overshooting,
with a rapid rate of temperature rise, the upper temperature limit
on the plastic absorbers of approximately 200 0F above which
softening begins and (2) the fact that the thermocouples have a
larger rate of temperature rise in the same irradiation field than
the absorbers being used and, hence, will not indicate the true
absorber temperature unless the rate of energy absorption and/or
the thermal resistance for heat transfer between the thermocouple
lead and absorber is small. This latter factor is of particular
significance for the plastic absorbers because of their very low
thermal conductivity. On consideration of these two factors, the
reactor power level will be regulated so as to give approximately
a 10 F/min. temperature rise in the absorbers. Using an estimated
dose rate of 0.3 watts/gm.in the polyethylene and polystyrene
absorbers and 0.2 watts/gm. for the aluminum absorber at a reactor
power of 1000 kw, this rate of temperature rise requires reactor
operation at 50 kw. It is planned to continue each measurement
for approximately 10 minutes. Table I summarizes estimations of
the energy losses to be expected under these conditions. The heat
losses given in Table I have been based on conservative assumptions
and are believed to be the maximum which could be expected. Various
other heat losses such as from the thermocouple leads have been
evaluated and are generally insignificant when compared with the
values given below. Calculations have also been made which indicate
that the thermocouple temperature in the low thermal conductivity
plastic absorbers will approximate that of the plastic absorber
within ± 0.50F, even though the heat absorption rate in the
thermocouple wires is greater than that of the plastic.
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TABLE I
Estimated Energy Losses for Calorimeter Experiment
Material Q watts dT 0F Energy Loss Rate X 100p' gm. dt min. Energy Absorption Rate
0 0
at 1000 at 50 Beginning, AT = 5 F End, AT = 15F
kw kw Radiation Conduction* Radiation Conductiac*
Polystyrene 0.27 1.09 1.8 3.4 5.4 11.3
Polyethylene 0.34 0.80 1.6 3.1 4.8 9.3
Aluminum 0.20 1.17 0.94 1.8 2.8 5.4
Ni (Thermocouple) 0.20 -2.45 -- -
*Conduction heat losses at 2 microns pressure, directly proportional to
pressure.
The complete layout of the experiment is shown in Figure 27.
Since a series of measurements are to be made in the reactor, both
at different times after startup and at different heights in the
core, it is necessary to cool the calorimeter back to ambient
conditions between measurements. It is planned to do this by
adding helium gas to the calorimeter and moving the -calorimeter
up into the lower shield out of the main radiation field. Cooling
from 20 F above to 1 F above ambient is estimated to take
approximately 10 minutes under these conditions. Then, the
calorimeter will be re-evacuated. The largest diameter tubing
possible has been used at all points to reduce the time required
to pump ddvin the system to 1-2 microns; based on the tests made up
to now, it will take approximately 15 minutes to re-evacuate the
calorimeter. Hence, it should be possible to make approximately
two measurements per hour using the setup shown.
Using the apparatus described here, data will be taken of the
rate of temperature rise which it is believed will be accurate to
within ± 10%. The correction for heat losses and interpretation
of data will next be discussed.
3.1.2 Correction for Energy Losses
From Table I, it is seen that the energy loss rate is a
significant percentage of the energy absorption rate so that a
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correction must be applied. The energy losses will be primarily
due to radiation and conduction. but will also be affected slightly
by the thermocouple leads. Since the heat loss rate is small
compared to the energy absorption rate, the accuracy of the
correction need not be too great. For example, the maximum energy
loss rate, tabulated in Table I, is 16ys of the energy absorption
rate for the polystyrene sample. If this energy loss rate is
determined to ± 106, only a ± 1.69% error is introduced in the
total energy absorption rate due to this source.
The heat losses, both from radiation and conduction, can be
considered to be a function only of the AT between the absorber
and aluminum shell since for the small AT's encountered:
qcond. = h A A T (2)
I3
q rad . -AE(Tavg AT (3)
where q = heat loss by conduction and radiation, respectively.
h = effective heat transfer coefficient for conduction in
a vacuum.
= Stefan-Boltzmann constant.
E = emissivity and view .factor.
A = area of absorber.
It is also assumed that all other thermal effects are proportional
to the AT. With this assumption, two different methods will be
used to correct for heat losses as a check. First of all, the
calorimeter will be calibrated by measuring the rate of temperature
decrease in the absorbers when the aluminum tube is maintained at
a constant temperature in a constant temperature bath and the
absorbers are at a somewhat higher temperature. These measurements
will be made at different pressures in the calorimeter so that the
conduction and radiation heat losses can be distinguished. Knowing
the pressure and AT in the calorimeter during the measurement, a
correction can then be estimated. The primary disadvantage of this
method is the inaccurate knowledge of the pressure in the
calorimeter at any time. The vacuum is measured at the top of the
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reactor shield by means of an ionization gauge. However, the
conductance of the polyethylene- tube to the calorimeter is
relatively small and some pressure drop can be expected to exist
between the calorimeter and the vacuum gauge. It is planned to
relate the two pressures by measuring the pressure at each end of
the polyethylene tube before the apparatus is assembled. Also,
the calibration will be made with the completely assembled
apparatus so that the pressure at the top end of the polyethylene
tube can be related to the heat loss in the calorimeters. Any
development of minute leaks during the actual experiment could
partia&Jy destroy the effectiveness of the calibration, however.
As a check on this correction, the method employed by Binford,
et al, (4) will be employed which involves evaluating the h
including both radiation and conduction transfer, which will
linearize the temperature vs. time curve of each absorber. For
an absorber with heat generation,
VpC d9 t) = QV - h e 39S(t) (4)
where V = volume of the absorber.
S = surface effective in heat removal.
Letting at t = 0 9 = 9, the solution of the above equation is,
Q(t) = 1 - eXt + e 9(t (5)
h efS h effe S
where >= h S h v
In Figure 28, the rate of temperature rise with no heat loss and
with an h eff (calculated from radiation and conduction
considerations) of 0.149 hr- -F is compared for the case ofhr-ft2-OF
polystyrene.
The interpretation of the data obtained will now be
discussed.
3.1.3 Interpretation of Data
The conversion of the data to the dose rate to be expected
in the organic from fast neutrons and from gamma radiation is quite
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difficult. For the present, it will be assumed that side effects,
such as chemical changes in the plastic samples and thermal neutron
absorptions with gamma-emission in the aluminum, are negligible so
that the energy absorption rate measured is the true energy
absorption rate. It is desired to obtain from the data for the
three absorbers the gamma dose rate and the fast neutron dose rate.
For the gamma interactions, it will first of all be assumed
that all interactions are Compton. For the low Z materials used,
this is a reasonable assumption from approximately 0.1 Mev. to
10 Mev. Then,
c2
-- a = i Nc
p e a A gm.
(6)
where c~a = Compton linear absorption coefficient, cm .
= Compton average absorption cross section per electron,
e a cm2 /electron.
3
p =.density, gm./cm
Z = atomic number.
A = atomic weight.
N = Avogadro t s number
For a mixture of atoms,
(-1a) = r- B Z + B2 Z2 + .
P' eff. e L
where Bi = atoms of i per molecule..
A = molecular weight
Then, letting 7l = dose rate, ergs/gm-sec .,
BZ
A )1
BZ
72 a (A 2
or
(7)
(8)
<BZ( )
BZ
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This ratio can be easily calculated for the different materials
involved.
For interactions with fast neutrons, the average fraction
of the neutron energy lost on collision with a given atom is
= 2A 2 (9)
(Ai + 1)
Typical values of g are:
Material
H
C
Al
0.500
0.142
0.0691
The energy absorption rate due to fast neutrons is then,
H = N (10)(T
A- fon
For the two organic samples
H1 = N1Hg(H) oT
+ NlCg(C)
H2 = N2Hg(H)
+ N2Cg(C)
~ (E)O(E)EdE
(E)(E)EdE
s-C(E)O(E) EdE
- (E)O(E)EdE
s (E)#(E)EdE
Now, let
I = g(H) err- (E)(E)EdE
I = g(C) (7(E)O(E)EdE
Then
H = NlH HI + N10C
H2 N2H IH + N2 CIC
(11)
(12)
(13)
-53-
The calculational procedure will be to make a rough calculation
of the energy absorption due to fast neutrons in Al. Subtracting
this from the total dose rate leaves that due only to gamma
interactions in the Al sample. This procedure should be accurate
enough since only a small fraction of the total dose in Al will
be due to fast neutrons. Then, using equation 8, the gamma dose
.rate in each of the organic absorbers can be calculated.
Subtracting these numbers from the total dose.rate leaves the fast
neutron dose rates, H1 and H2 . Since N1H, NlC, N2 H, and N2 0 are
known, IH and IC can be calculated by means of equation 13 and
extrapolation made to any material containing only hydrogen and
carbon.
This procedure should give the gamma and fast neutron dose
rates in an organic sample when placed in a geometry equivalent
to that of the calorimetric measurement. However, the actual
organic being tested will be contained in a stainless steel
capsule, the gamma radiation from which on thermal activation
will slightly increase the gamma dose rate above that measured.
Also, the calorimetric measurement will be made before the
in-pile section of the loop is installed in the reactor.
Variations in fuel burnup, control rod positions, and fission
product decay (previous operating history of reactor) will result
in differences between the calorimeter measurement and the actual
dose rate the organic sees. It is expected, however, that all of
these variations will be small; also, as discussed in the next
section, -various methods of monitoring the dose rate will be used
to follow any of these variations. It is also expected to
perform the calorimeter experiments over the normal weekend
shutdown and over the first six hours of operation of the reactor
after the Monday morning startup in order to set some idea of
variations in the contribution of fission product decay
gammas. Methods of monitoring these variations will now be
discussed.
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3.2 Monitor
Since the calorimetric measurement will be made before the
in-pile section is inserted in the reactor, it is desirable to be
able to monitor the dose rate throughout the life of the
experiment; with this purpose in mind, a 0.210" I.D. Al tube has
been extended to the capsule so that various detectors can be
inserted along side the capsule when the reactor is operating.
Ideally, it would be desirable to be able to monitor the neutron
and gamma dose rates separately, but this turns out to be
difficult practically. It is hoped, however, to obtain some
discrimination by using several different methods. The following
discussion will be limited to a description of lucite degradation
as a monitor and to a brief description of other methods which may
be used in conjunction with lucite.
3.2.1 Lucite Degradation
The use of lucite as a dosimeter for pure gamma fields has
been briefly mentioned in the literature (Q, 6), although no details
have been given of the measurement. Accordingly, to the present,
the work with lucite has been limited to gamma irradiations in
order to work out the necessary experimental techniques and to
check the theory involved. In the future, the work will be
extended to mixed neutron and gamma fields and high dose rates
such as will be encountered at the capsule. The following
discussion gives a description of the theory involved and the
experimental work to date.
3.2.la Basic theory. For a dilute polymer solution, it has
been found that
KMa (4
where = intrinsic viscosity =
;2 = viscosity of polymer solution.
720 =viscosity of pure solvent.
C = concentration of polymer solution
K and a = constants for any particular solvent-polymer
system at a given temperature.
M = viscosity average molecular weight.
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When polymethyl methacrylate (lucite) is irradiated, degradation
occurs primarily by breakage of the polymer molecules in a random
manner. It has been found experimentally that the decrease in the
molecular weight of the polymer can be related to the total
irradiation dose to which the lucite has been exposed.' The change
in molecular weight is followed by dissolving the irradiated
lucite sample in a solvent such as chloroform and measuring the
intrinsic viscosity. Usually, viscosity measurements at four
different concentrations are sufficient to determine [7.
The relationship between the molecular weight, or alternate-
ly the intrinsic viscosity, and the total fast neutron and gamma
dose to which the lucite has been exposed will now be developed.
As also discussed below, the total absorbed dose in the lucite can
be used to estimate the total dose in the organic coolant provid-
ing several assumptions are made.
For the lucite,
MOL NfL(15)
MfL NOL
where MO, M = initial and final average molecular weight
respectively.
No, N = initial and final average number of polymer
molecules per gram of lucite.
L = subscript denoting lucite.
Also, NfL = NOL + R'yLP + RnL2 (16)
where RL = absorbed dose due to interaction of gamma rays with
the electrons in the lucite, Mev/gm.
RnL = absorbed dose due to interaction of fast neutrons
with the carbon, hydrogen, and oxygen atoms in the
lucite, Mev/gm.
P = average number of lucite polymer bonds broken per
Mev of gamma energy absorbed.
Q = average number of lucite polymer bonds broken per
Mev of neutron energy absorbed.
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Combining (15) and (16),
M'OL N ~f P + R 
+ R nL
OnL P
N OIP
Substituting Equation (14) into this relation gives
MfL C f I
a
L
Rearranging gives:
(R q) =RJ+ RlL N O)(Eq L = RL + RnLP
NOP + R7L + R
0L nLP
1
a
L
where RE = absorbed gamma dose equivalent in effeecttothe total
gamma and neutron absorbed dose, Mev/gm.
The total absorbed dose in the lucite, RTL' is
RTL = R7 L + RnL
(20)
Using (19) and (20),
R + R
7L nLY
R
RnL CL + 1
R + CL +
RnL+ P
where C = ratio of gamma to neutron absorbed doses, R/Rn*
The ratio of the total dose in the organic coolant under test in
the loop to that of the lucite measured over the same time interval
is:
RTS
'TL
Ry + R nS Rns C + 1
R7L nL nL L (22)
where S = subscript denoting organic coolant.
Then, combining equations (19), (21), and (22)
(17)
(18)
( 19 )
RTL
(R Eq L
(21)
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P i
RnS CS + 1 OL + 1 NOL '0
R C + 1 N '
_ SL JO -1(23)
nL CL+ j L
The following assumptions are now made:
) The neutron and gamma energy spectra remain constant
and are independent of time and the magnitude of the
reactor power level.
(2) The energy absorbing properties of the organic coolant
remain constant with time.
With these assumptions, the ratios RnS/RnL and Q/P are constant
and independent of time of reactor operation providing the lucite
used at different measurement times has the same degradation
properties.
Changes in the ratio (Cs + l)/(CL + }) will be small compared
to changes in C and CL which may change with operation of the
reactor due to fission product buildup, control rod perturbations,
fuel element burnout, and other physical and/or nuclear changes.
Also, with the assumptions made,
R = K R Y
R K R
nS 2RnL
where K1 and K2 are constants independent of time.
R K R
Then, = jRnS K2 RnL
or CSE = ECL (24)
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Substitution of this relation gives
Co + 1 ECL + 1
CL + CL + p
Preliminary estimates indicate that E will be slightly greater
Qthan 1 and that both C L and Fwill be of' the order off unity. To
illustrate the effect of changes in CL on the
ratio are given for various values of E, Q/P,
ratio, values of the
and CL in Table II.
Table II.
EC L+ 1
L for various
CL P
values of E, , and CL*
E C ECL+1P L C +-
L P
1.0 0.5 0.5 1.50
1.0 1.33
1.5 1.25
1.0 0.5 1.00
1.0 1.00
1.5 1.00
1.5 0.5 0.750
1.0 0.800
1.5 0.833
1.5 0.5 0.5 1.75
1.0 1.67
1.5 1.62
1.0 0.5 1.17
1.0 1.25
1.5 1.30
1.5 0.5 0.875
1.0 1.00
1.5 1.08
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In every case, the variation in the ratio is much less than the
variation in CL; also, the variation, if any, in C should be much
smaller than the range of values of 0.5 to 1.5 used in Table II.
On this basis, and with the assumptions made, Equation (23)
can be written as
RTS = K ----O
SLIf L
where K is a constant of proportionality. K is determined by
measuring the lucite degradation of samples of lucite in conjunction
with the calorimeter experiments from which RTS is determined.
Once so obtained, K is used in conjunction with lucite measurements
to estimate the total absorbed dose in the organic coolant, RT,
during the in-pile irradiation.
The experimental results obtained for gamma irradiation
only are described next.
3.2.lb Experimental results. Gamma irradiations of lucite
have been made using a specially constructed temperature
regulator in the Co60 source at MIT. After irradiation, the
samples were dissolved in chloroform and the intrinsic
viscosity measured using a capillary viscometer immersed in a
constant temperature bath. The following results were obtained.
In Figure 29 is shown the measured intrinsic viscosity vs.
total dose for lucite at 420C. As can be seen from this curve,
the change in [7)J per unit of dose decreases as the total dose
rate increases so that an upper limit on the total dose which
can be measured exists due to limitations in the accuracy of
the intrinsic viscosity measurement. Measurements can easily be
carried up to greater than 12 megareps, however. The maximum
limit to which the measurement can be extended has not yet
been determined.
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In Figure 30, the data of Figure 29 are replotted as Total
l/aZ
Dose'vs. the function - 1 where it can be seen that a
linear relation is indeed obtained.
One disadvantage of the system is a temperature effect on
the degradation rate. Preliminary data are presented in Figure 31
showing that the effect appears to be linear. However, it is
planned to study this effect further since only three data points
are available. Figure 32 is a preliminary cross plot of the
temperature, dose rate, and intrinsic viscosity relation.
This completes the present status of the lucite degradation
monitor. Work is continuing using the Co60 source to check, in
addition to the temperature effect, the possibility of a decay
effect on the degradation and the maximum dose to which the
measurement can be extended.
3.2.2 Other Methods to Be Evaluated
Although the majority of the monitor development work to the
present time has been on the lucite monitor, other means will be
evaluated in the future. Degradation of other high molecular
weight materials such as polyisobutylene will be considered. If
this develops, then the lucite and polyisobutylene with their
different molecular composition can be used together as a partial
check on the assumptions described in the lucite discussion.
Degradation on a batch basis of the actual material being tested
will also be evaluated, although at least 10 hours irradiation
time is required before an easily measurable change is produced.
Viscosity would probably be used to monitor the change.
Other methods including threshold and resonance foil
detectors, small calorimeters, and small ionization chambers will
also be evaluated.
IV. Analytical Measurements
In order to characterize the property changes of the organic
material as the high boiling content builds up, various physical
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and chemical changes will be measured. These are summarized below.
4.1 Measurements to be Made in MIT Nuclear Engineering Laboratory
Those measurements which are to be made on a routine basis
and do not require an expensive and/or elaborate apparatus will be
performed in a special laboratory which is presently being set
up at MIT. The measurements to be made are described below.
4.1.1 High Boiling Content (HBC) Determination
An apparatus has been constructed as described by AI (')
for the micro determination of the HBC. This apparatus, using the
experimental technique described, requires a calibration curve for
each material tested to get the HBC from the measurement. Atomics
International is re-evaluating this measurement and plans to re-
commend changes which it is hoped will alleviate this difficulty.
During the check-out phase of the apparatus, the accuracy and
reproducibility of the apparatus will be evaluated in our laboratory-
and checked with the information from AI.
4.1.2 Liquid Density and Viscosity
The apparatus for the liquid density and viscosity determina-
tions up to temperatures of 8000F has been constructed but has
not yet been 'tested. The viscometer and pycnometer are the same
as those described by AI (8). However, it is planned to use an
agitated molten salt high temperature bath in contrast to the air
bath used in AI's work to simplify regulation of the bath temperature.
Also, provision has been made so that the AP across the viscometer
capillary can be varied by regulation of the N2 pressure on each
end of the capillary permitting the measurement of the viscosity
over a range of shear rates.
4.1.3 Gas Solubility
An apparatus similar to that described on September 18, 1958
by N. M. Ewbank (2) has been constructed. A smaller buret has
been used, however, in order to reduce the size of the liquid
sample required for the
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measurement to 15 ml. This apparatus will be checked out during
preliminary testing of the out-of-pile section of the loop.
4.1.4 Gamma Activity Analysis
Analysis of the induced gamma activity in the organic
material will be made periodically using a NaI crystal
scintillation counter and single channel analyzer. The dose rate
from the out-of-pile section will also be measured.
4.1.5 Liquid Melting Range
This measurement has not been set up, but should involve
only relatively simple equipment and techniques compared to the
other measurements.
4.2 Measurements to Be Made at Other Installations
Various measurements requiring advanced techniques or
equipment will be performed either by commercial laboratories in
the Cambridge area or by Atomics International. These measure-
ments are summarized below.
4.2.1 Composition of Dissolved and Undissolved Degradation
Gases
The composition of the dissolved and undissolved degradation
gases will be measured by mass spectrometry. This measurement
will be made in the Boston area by a commercial laboratory.
4.2.2 Composition of Low Boiling; Materials
In the collection of the degradation gases from the sample
bottles, cold traps will be used to remove the condensible
materials. The composition of these low boiling materials will
be measured by mass spectrometry by a commercial laboratory.
4.2.3 Infrared Analysis
It is not expected that this measuretnent will.add any
useful knowledge to the experiment because of the large variety
of degradation products present. At least initially, however, the
measurement will be made at the beginning and end of any run to
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insure that the measurement contributes no useful information.
This measurement will be made at MIT.
4.2.4 Degradation Product Molecular Composition
This measurement is very complicated and expensive and will
be performed only at the end of selected runs. The measurement
will be made at AI.
4.2.5 Composition of Undegraded Organic Material
The composition of the undegraded organic material will be
measured at the beginning and end of a run so that changes in
the composition and relative radiation stability can be determined.
In the phase of the program in which inhibitors are being tested,
the composition of the inhibitor will be determined at the end
of a run. These measurements will be performed at AI.
4.2.6 Average Molecular Weight of Degradation Products
The average molecular weight of the high boiling degradation
products will be determined. The exact method to be used has
not been determined, but the measurement will be made by a com-
mercial laboratory. This measurement will be made on all samples
taken.
4.2.7 H and C Ratio
The hydrogen to carbon ratio is important with respect to
the moderating properties of the material and will be measured
intermittently during a run. The measurement will be made by a
commercial laboratory.
4.2.8 Other Measurements
Other measurements such as thermal conductivity and heat
capacity will be measured if the need develops. These measure-
ments will be made by outsid.e firms.
V. Evaluation of Effort
The out-of-pile section construction is virtually complete
and the in-pile section and loop support designs have been
finished and are ready for initiation of construction. The
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calorimetric dosimeter design has been completed and is partially
assembled but must still be calibrated and tested before its
feasibility is definitely proven. The lucite monitor gamma
degradation measurements are complete except for clearing up the
temperature and decay effects. The chemistry laboratory is at the
stage where testing of the equipment and methods to be used can
be started.
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VI. NOMENCLATURE
A = area of absorber
A = atomic weight or molecular weight
B = atoms of i per molecule
C = heat capacity
C = concentration of polymer solution
C = ratio of gamma to neutron absorbed doses, R-y/Rn
E = emissivity and view Factor
E = energy, Mev
E = Cs/CL
gi = average fraction of neutron energy transferred per
collision with atoms of i
h = heat transfer coefficient for conduction in a vacuum
heff = effective heat transfer coefficient including both
radiation and conduction
H = energy absorption, sc-g
I = gi[ Osi (E)0(E)EdE
0
K = constant
L = subscript denoting lucite
M = viscosity average molecular weight
MMf = initial and final viscosity average molecular weight
N = Avogadro's number
N = atoms of I per gram of material
N ,N =initial and final average number of polymer molecules
per gram of lucite
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P = average number of lucite polymer bonds broken per
Mev of gamma energy absorbed
qcond= heat loss by conduction
q r = heat loss by radiation
= energy generation rate per unit time per unit volume
= average number of lucite polymer bonds broken/MeV
of neutron energy absorbed
R-yL = absorbed dose due to interaction of gamma rays with
the electrons in lucite, Mev/gm
RnL = absorbed dose due to interaction of fast neutrons
with the carbon, hydrogen, and oxygen atoms in the
lucite, Mev/gm
REq = absorbed gamma dose equivalent in effect to the
total gamma and neutron absorbed dose, Mev/gm
RL = total dose in luciteTL
S = surface area effective in heat removal
S = Subscript denoting organic coolant
t = time
T = temperature
V = volume of absorber
Z = atomic number
a = constant
'y = dose rate, ergs/gm-sec.
AT = temperature difference
e(t) = temperature at time t relative to ambient temperature
as zero
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9 = temperature relative to ambient temperature at
zero time
intrinsic viscosity = m
q = viscosity of polymer solution
0 viscosity of pure solvent
h S
=eff
VPC
h S
p = density
a = Stefan-Boltzmann constant
aa = Compton linear absorption coefficient, om
aa
e a = Compton average absorption cross section per electron,
cm2/electron
ai (E) =scattering cross section of ith atom at energy E
20(E) = neutron flux per unit of energy, n/cm -sec-Mev
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